Giant cell arteritis (GCA) is a vasculitic syndrome that preferentially affects medium and large-sized arteries. Glucocorticoid therapy resolves clinical symptoms within hours to days, but therapy has to be continued over several years to prevent disease relapses. It is not known whether and how glucocorticoids affect the function of the inflammatory infiltrate or why the disease persists subclinically despite chronic treatment. GCA is self-sustained in temporal arteries engrafted into SCID 
Introduction
Giant cell vasculitis (GCA) 1 is the most frequent inflammatory vasculopathy (1) . Inflammatory infiltrates composed of T cells, macrophages, and multinucleated giant cells accumulate in the walls of medium-sized and large arteries. The formation of inflammatory infiltrates in the vessel wall leads to destruction of the elastic layers and intimal proliferation, causing vessel occlusion and subsequent infarction. The feared complications of the disease include blindness, stroke, aortic arch syndrome, and rupture of aortic aneurysms. Recent data have indicated that selected CD4 ϩ T cells undergo clonal proliferation in the arterial wall, and secrete IL-2 and IFN-␥ (2, 3). Based upon their functional profile, several populations of CD68 ϩ macrophages have been distinguished in the vascular lesions (4) . Macrophages producing IL-1 ␤ , IL-6, and TGF-␤ 1 are intermingled with CD4 ϩ IFN-␥ϩ T cells, and localize to the adventitial layer of the inflamed artery (4, 5) . Macrophages accumulating in the tunica media secrete metalloproteinases, and are likely involved in the destruction of elastic membranes and proliferation of smooth muscle cells. Macrophages in the intima of the affected arteries synthesize inducible NO synthase (iNOS). Thus, the emerging disease model suggests that GCA is a T cell-driven disease in which recognition of an antigen residing in the adventitia leads to macrophage activation and the release of proinflammatory cytokines. These cytokines are assumed to facilitate the acute phase reaction, and to cause the local and systemic symptoms characteristic for this vasculitic syndrome.
A striking feature of GCA is its explicit responsiveness to glucocorticoids. Within hours to days, patients are improved both in terms of the constitutional as well as the ischemic manifestations of the disease. In spite of the prompt therapeutic response, glucocorticoids have to be given to GCA patients over a prolonged period (up to 2-3 yr) before a disease remission can be sustained. Since this vasculitis preferentially affects individuals older than 50 yr of age, side effects of chronic steroid therapy are considerable, and alternative therapeutic approaches are needed.
Understanding the mechanism of action of glucocorticoids in vivo may allow for design of new therapeutic approaches, and could also shed light on pathological events in the chronic inflammatory process. In in vitro studies, the immunosuppressive action of glucocorticoids has been attributed in part to the repression of cytokine gene transcription (6) (7) (8) (9) (10) (11) . How suppression of cytokine production affects the different cellular components of the inflammatory infiltrate is not understood. In vivo studies in affected tissues are necessary to define the steroid responsiveness of the diverse cells and mediators in an effort to identify those elements that are involved in disease relapses in the first years of the disease. To address these questions, we have established a xenotransplant model of GCA by engrafting temporal arteries from GCA patients into SCID mice. In this model, the tissue inflammatory process is maintained, and the mechanisms and limitations of therapeutic interventions can be studied directly.
Methods
Patients. Temporal artery specimens were obtained from patients undergoing biopsy for diagnostic purposes. The diagnosis of GCA was confirmed by histopathology. Specimens were divided into three to four fragments, and were implanted into NOD-SCID mice.
Mice. NOD-SCID mice were bred in a barrier facility under germ-free conditions. Mice were checked for leakiness by determining serum IgG by ELISA. Mice, ages 5-7 wk, were anesthetized with 3 mg ketamine, and temporal artery specimens were implanted subcutaneously.
Treatment protocols. Control mice and mice assigned to different treatment arms were implanted with specimens from the same patient to control for interindividual variation of the inflammatory response. In the short-term dose-response experiments, treatment was started 3 wk after transplantation. Mice received either 500 l sterile PBS intraperitoneally for seven consecutive days, or dexamethasone at doses of 0.04, 0.4, and 4 mg/kg, respectively. In the long-term treatment protocol, treatment was started on the day of xenotransplantation. Mice were injected with either 500 l sterile PBS intraperitoneally, or with 0.4 mg/kg dexamethasone for 28 consecutive days. Mice were killed at the completion of the treatment period, and implanted specimens were retrieved and either ( a ) embedded into OCT compound for histochemical analysis, or ( b ) RNA-extracted.
In the dithiocarbamate treatment trial, treatment was started 7 d after transplantation. Mice received an initial dose of 150 M and 1.5 mM, respectively, of ammonium pyrrolidine dithiocarbamate (AP-DTC) (Sigma Chemical Co., St. Louis, MO) and three maintenance doses of 75 and 750 M APDTC, respectively, at 8, 16, and 24 h. Control mice were sham-treated. Mice were killed after 32 h, and specimens were retrieved.
Antibodies. The following antibodies were used for immunohistochemical staining: polyclonal rabbit anti-human CD3 Ab, 1:100 (DAKO Corp., Carpinteria, CA); monoclonal mouse anti-human CD68 (KP-1) Ab, 1:250 (DAKO); polyclonal rabbit anti-human iNOS Ab, 1:400 (Affinity Bioreagents, Golden, CO); monoclonal mouse anti-human TGF-␤ 1 Ab, 1:100 (Antigenix America, Franklin Square, NY); mouse anti-human Rel-A nuclear localization sequence (NLS) mAb, 1:150; biotinylated rabbit anti-mouse mAb, 1:200; biotinylated swine anti-rabbit mAb, 1:200; and streptavidin peroxidase (all DAKO).
Immunohistochemistry. OCT-embedded temporal artery specimens were cut into 5-m sections, dried in a 37 Њ C desiccator, and acetone-fixed for 10 min. Slides were incubated with 1% paraformaldehyde for 3 min, and endogenous peroxidase was blocked with 0.3% H 2 O 2 in sodium azide. Nonspecific binding was reduced by incubation with 5% normal goat serum for 10 min. Slides were incubated with the primary antibody and with the corresponding secondary antibody for 30 min each. Anti-CD3 and anti-CD68 stains were developed with streptavidin peroxidase and aminoethylcarbazole and diaminobenzidine, respectively. Anti-Rel-A NLS and anti-TGF-␤ 1 stains were developed according to the specifications of the manufacturer (Vectastain immunofluorescent red kit; Vector Laboratories Inc., Burlingame, CA). All slides were counterstained with hematoxylin for 1 min, and were mounted with Permount (Baxter Scientific, Deerfield, IL). Negative controls were stained without the primary antibody, and photographs were taken (Axiphot microscope; Zeiss, Oberkochen, Germany). Positive cells were counted, and the tissue area of each counted slide was quantified by algorithms (IBAS image analysis system; Kontron Elektronik, Eching, Germany). Cytokine semiquantification. RNA was extracted using a commercial kit (Trizol; Life Technologies, Grand Island, NY). cDNA of all samples was diluted to adjust for equal ␤ -actin copy numbers. Adjusted cDNAs were amplified by PCR using the cytokine-specific primers described above. All primers were human species-specific and did not amplify murine sequences. Samples from treated and untreated mice were always run in parallel. PCR conditions consisted of denaturation at 94 Њ C for 1 min, annealing at 55 Њ C for 1 min, and extension for 2 min at 72 Њ C for 30 cycles with a final 10-min extension at 72 Њ C. In each PCR, serial dilutions of cytokine-specific sequences with known transcript numbers were included. Amplified products were blotted and hybridized with internal probes. PCR products were heat denatured at 94 Њ C for 5 min, blotted onto a supported nitrocellulose membrane (Schleicher and Schuell, Keene, NH), and baked at 80 Њ C for 1 h in a vacuum oven. Membranes were transferred into prehybridization solution including denatured salmon sperm DNA for 3 h (55 Њ C for ␤ -actin, IL-1 ␤ and I B ␣ ; 42 Њ C for all other cytokines). After prehybridization, cytokine-specific biotinylated probes were added at a concentration of 200 ng/ml. Hybridization was performed overnight at the same temperature as prehybridization. Washing was performed with 2 ϫ SSC, 0.1 ϫ SDS for 10 min at 42 Њ C and for 5 min at 55 Њ C. The last wash was omitted for IL-2 and IFN-␥ blots. Membranes were blocked with a BSA-containing solution, incubated with streptavidinperoxidase, washed twice, developed with nitro blue tetrazolium chloride/bromo-chloro-indolyl-phosphate, and scanned (AMBIS system; Scanalytics, Billerica, MA). The serial dilutions of cytokine sequences with known concentrations were processed in parallel and used as a standard curve to calculate the original transcript number in the specimen.
Results
Differential sensitivity of T cell and macrophage products to in vivo glucocorticoid treatment. Temporal artery specimens from GCA patients were engrafted in SCID mice to a subcutaneous transplant site. In these xenografts, the disease process continued as demonstrated by the persistence of the typical histomorphology and the ongoing transcription of T cell-and macrophage-derived cytokines (12). T cells in the vascular lesions were of the TH1 subtype, and produced IL-2 and IFN-␥ . IL-4 was rarely detected in the tissue. Macrophage-derived products included IL-1 ␤ , IL-6, and TGF-␤ 1. Persistent transcription for these cytokines was followed for up to 2 mo in the xenografts.
To examine the in vivo effects of glucocorticoids, temporal artery specimens from patients with active GCA were engrafted subcutaneously into four SCID mice, and treatment was initiated 3 wk after the transplantation. The mice were ei-ther sham-injected or received dexamethasone intraperitoneally for 7 d at doses of 0.04, 0.4, and 4 mg/kg, respectively. Tissue specimens were explanted, analyzed by immunohistochemistry, and mRNA cytokine copy numbers were semiquantified by PCR amplification and dot-blotting. To assure comparability of tissue quantity, ␤ -actin copy numbers were determined in all retrieved specimens, and cDNA was adjusted to achieve equal ␤ -actin copy numbers. Results of three independent experiments are summarized in Fig. 1. As demonstrated by the level of transcription for the TCR ␣ chain, the density of the T cell infiltrate was unaffected by steroid treatment, with the exception of grafts exposed to 4 mg/kg dexamethasone. With the highest dose of glucocorticoids, T cell numbers in the inflammatory lesions decreased by 30-35%. Concentrations of IL-2-specific transcripts decreased in a dose-dependent fashion from a mean of 2,370 copies in untreated animals to a mean of 692 copies in the highest dose group. The suppressive effect of steroids was less pronounced for IFN-␥ -specific sequences. Copy numbers of IFN-␥ -specific transcripts were unaltered, or only slightly reduced in grafts recovered from mice treated with 0.04 and 0.4 mg/kg dexamethasone. Only the administration of 4 mg/kg dexamethasone induced a marked reduction of IFN-␥ transcription (1,875 copies vs. 5,816 copies in the untreated animal). Thus, administration of steroids resulted in a partial inhibition of T cell-derived cytokines. The inhibition remained incomplete, and even the partial inhibition of the more steroid-sensitive IL-2 with 0.4 mg/kg dexamethasone required five times higher doses than those usually used in the treatment of GCA patients.
Tissue-infiltrating macrophages have been found to fall into several categories according to the spectrum of products they synthesize in situ (4) . The pattern of mediators produced correlates with a strict topographical arrangement. Macrophages expressing IL-1 ␤ , IL-6, and TGF-␤ 1 mRNA have been mapped to the tunica adventitia. The subset of macrophages accumulating in the intima has been demonstrated to produce iNOS. Macrophage-derived products were sensitive to steroidmediated repression with the exception of TGF-␤ 1 mRNA. Treatment with dexamethasone was followed promptly by a reduction in iNOS. Table I summarizes the result of immunohistochemical analysis with iNOS-specific antibodies. The proportion of iNOS ϩ cells declined sharply after steroid therapy. As shown in Fig. 1 , the lowest dose of dexamethasone was also sufficient to affect the synthesis of IL-1 ␤ mRNA. With 4 mg/kg dexamethasone, IL-1 ␤ transcription was almost completely inhibited. IL-1 ␤ transcripts were downregulated from a mean of 16,839 copies in untreated tissues to a mean of 1,186 transcripts in the highest steroid dosage group. Steroid effects were less apparent for IL-6, which was rather resistant to 0.4 Figure 1 . Cytokine transcription in human temporal artery specimens retrieved from glucocorticoidtreated human-mouse chimeras. A temporal artery specimen from a GCA patient was divided into four segments, and each segment was implanted into a NOD-SCID mouse. 3 wk after transplantation, mice were treated with increasing doses of dexamethasone for 1 wk. Specimens were retrieved and analyzed for the in situ transcription of lymphokines (left) and monokines (right) by semiquantitative PCR and hybridization. Results are shown as mean of three experiments using temporal artery specimens from three patients. mg/kg dexamethasone. With higher doses, IL-6 mRNA copy numbers were reduced from 25,626 to 9,437. Among all the cytokines analyzed, TGF-␤ 1 had a unique position. TGF-␤ 1 mRNA production was unaffected by the treatment, suggesting that this cytokine is steroid resistant. Even in the tissues harvested from mice injected with a 7-d course of 4 mg/kg dexamethasone, TGF-␤ 1 transcription persisted with a mean copy number of 7,620 as compared to 9,535 copies in sham-treated animals. The persistence of TGF-␤ 1 production in glucocorticoid-treated animals was confirmed at the protein level. Fig. 2 shows temporal artery tissues retrieved from an untreated and a treated mouse stained with an anti-TGF-␤ 1 antibody. There was no decline in the number of TGF-␤ 1-producing cells after glucocorticoid treatment.
In vivo steroid-mediated regulation of NF B. The antiinflammatory action of steroids has been attributed, at least in part, to the transrepression of cytokine mRNA. Mechanisms underlying the cytokine suppressive effects in vitro are beginning to be understood. Steroids have been shown to induce I B ␣ transcription, and thereby to reduce the availability of nuclear NF B leading to a decreased expression of IL-2. To investigate whether this mechanism is functional in vivo, I B␣ mRNA transcripts were measured in temporal artery grafts from three distinct patients. Mice were either sham-treated or treated with daily injections of 0.04 and 0.4 mg/kg dexamethasone, respectively, for 1 wk. Results from the retrieved tissue specimens are given in Fig. 3 . In all three experiments administration of glucocorticoids led to a doubling in the concentration of IB␣ mRNA. IB␣ induction in the tissue was already achieved with the lower dexamethasone doses. In one patient, 0.04 mg/kg dexamethasone was sufficient to induce a maximal response.
Steroid-mediated induction of IB␣ traps NFb in the cytoplasm, and thus causes transrepression of steroid-sensitive cytokine genes. Functional NFB sites in the promoter region have been identified for IL-2, IL-1␤, IL-6, and iNOS, but are lacking in IFN-␥ and TGF-␤1. Interference with the nuclear translocation of NFB would thus provide an excellent explanation for the differential modulation of cytokines demonstrated in the GCA tissue.
To further explore whether in vivo glucocorticoid therapy is associated with downregulation of free nuclear NFb, the nuclear expression of this transcription factor was compared in tissue sections from untreated and treated xenotransplants. Free nuclear NFB was immunohistochemically detected through a monoclonal antibody directed against the NLS of Figure 2 . TGF-␤1 production in temporal artery specimens retrieved from glucocorticoid-treated human tissue-SCID mouse chimera. Temporal artery tissue retrieved from an untreated mouse (top) and a mouse treated with 0.4 mg/kg dexamethasone for 1 wk (bottom) were stained with anti-TGF-␤1 antibodies. Production of TGF-␤1 in the inflammatory infiltrate was not suppressed by glucocorticoids. Immunofluorescence, ϫ400. the p65 component of NF (13) . The NLS epitope becomes accessible to the antibody when the p50/p65 heterodimer dissociates from IB␣. Thus, this immunohistochemical approach specifically stains transcriptionally active NFB. Temporal artery segments from two different patients were engrafted, and the mice were either sham-injected, or received 0.04, 0.4, and 4 mg/kg dexamethasone, respectively, for seven consecutive days. Grafts were harvested, sectioned, and stained with rabbit anti-human CD3 to identify tissue-infiltrating T cells (Fig. 4) . Adjacent sections were stained with the mAb specific for free nuclear NFB. NFBϩ cells were markedly reduced, indicating that steroid injections lead to the trapping of NFB in the cytoplasm. In tissues retrieved from mice treated with 0.04 mg/ kg, free nuclear NFB was reduced but still present. High doses of dexamethasone essentially led to the disappearance of nuclear NFB.
The inhibitory effect of IB␣ for NFB can be potentiated by APDTC. Dithiocarbamates reversibly suppress the dissociation of IB␣ from the latent cytoplasmic form of NFB (14). To test whether dithiocarbamates induce a similar pattern of cytokine repression as glucocorticoids, SCID mice engrafted with temporal arteries from GCA patients were treated with APDTC for 24 h. IL-6 and TGF-␤1 mRNA was semiquantified in tissue extracts to examine whether the suppression of IL-6 and the sparing of TGF-␤1 transcription can be mimicked by NFB inhibition. Administration of dithiocarbamate to SCID mice carrying xenotransplants resulted in downregulation of IL-6 mRNA synthesis. This effect was already seen with the treatment regimen using a low dose of APDTC (Fig.  5) . In contrast, TGF-␤1 was completely unaffected, even with the highest dose in two of three experiments. We have shown recently that IL-6-producing macrophages always cosynthesize TGF-␤1, excluding a nonspecific toxic effect of APDTC (4). The differential modulation of the two macrophage-derived products lends further support to the model that steroids affect the inflammatory lesions via NFB specific inhibition.
Persistence of TGF-␤1-producing macrophages despite successful suppression of T cell function in chronically treated
GCA. Experiments in the steroid-treated GCA-SCID chimeras are best compatible with transrepression of NFB-sensitive cytokines, which may be responsible for the prompt improvement of clinical symptoms in steroid-treated patients. Nevertheless, patients need to be maintained on steroids, and they tend to relapse if steroids are discontinued within the first years of treatment. To examine whether the dynamics of the inflammatory infiltrate under steroid treatment allows conclusions on the nature of the chronicity of the disease, we investigated the effects of chronic steroid administration on GCA-SCID chimeras. Fragments of temporal artery specimens were implanted into SCID mice, and the mice were either treated Figure 4 . Dexamethasone reduces the availability of free nuclear NFB in the inflammatory infiltrate of human GCA-mouse chimeras. NOD-SCID mice were engrafted with temporal artery tissue and treated as described in Fig. 1 . Adjacent sections were stained with either anti-CD3 to document the T cell infiltrate (top) or an antibody to the NLS of human ReL-A (bottom) which only recognizes free nuclear NFB (13) . Tissue sections from untreated mice (left) and from mice treated with 0.4 mg/kg dexamethasone (right) are shown. Nuclear expression of NFB declined with glucocorticoid treatment. ϫ400.
of T cells and macrophages persists in the treated as well as untreated animals.
Cytokine transcription in the retrieved tissues was semiquantified as described above. A summary of the results from three experiments is shown in Fig. 7 . In spite of the persisting T cell infiltrate, the transcription of TCR ␣ chain sequences in treated mice was minimal with a significant reduction compared to untreated tissue (P ϭ 0.017). In parallel, production of IFN-␥ transcripts essentially ceased (P ϭ 0.047). 4 wk of continuous treatment was thus able to abrogate T cell function in the vascular lesions, including the NFB-independent production of IFN-␥. A different picture emerged for the functional activities of macrophages. The antiinflammatory action of chronic steroid administration was associated with a marked suppression of IL-1␤ transcription (P ϭ 0.028). Synthesis of IL-6 mRNA was significantly reduced (P ϭ 0.028) but persisted at low levels. Median copy numbers of IL-6 mRNA were estimated at 10,753 in the untreated tissue samples versus 3,650 in the treated specimens. No therapeutic effect from glucocorticoids was found for TGF-␤1 mRNA. Even a course of 4 wk of glucocorticoids could not diminish the production of TGF-␤1 mRNA. There was even a trend for higher concentrations of TGF-␤1 mRNA in the explants exposed to 4 wk of continuous steroids when compared to untreated temporal artery fragments, however, this trend was not significant. These data demonstrate that macrophages persist in spite of steroid treatment in the arterial tissue, and continue to be activated in the absence of T cell-derived lymphokine production as documented by the in situ synthesis of TGF-␤1. with daily injections of sterile PBS, or with 0.4 mg/kg dexamethasone for 28 d. Prolonged glucocorticoid therapy did not dramatically change the histology of the inflammatory lesion. Fig. 6 demonstrates that an inflammatory infiltrate composed
Discussion
Glucocorticoid responsiveness is a common denominator of most human autoimmune diseases (15) . Therapeutic benefits from steroid therapy have indeed been cited as evidence for the contribution of the immune system to chronic inflammatory diseases, and glucocorticoids are considered quintessential immunosuppressants. Although in vitro molecular studies have provided information on the cellular pathways, very little is known on the action of chronic steroid therapy in vivo in human diseases. Initially, glucocorticoids were shown to suppress the AP-1 (c-jun/c-fos) transcription factor (6-9). More recently, evidence has been provided that glucocorticoids function by blocking the nuclear translocation and DNA binding of NFB through the induction of the IB␣ protein and cytoplasmic trapping of NFB (10, 11) . NFB is involved in the inducible regulation of a large spectrum of genes, several of which play a role in the function of immune cells and encode for inflammatory mediators (16) . How transrepression of cytokines changes the interaction of cells accumulated in chronic inflammatory lesions has not been studied. Here we are presenting data on steroid-mediated effects in vivo induced with short-as well as long-term treatment in a human inflammatory disease. These studies were facilitated by the availability of a human tissue-SCID mouse chimera model in which the inflammation characteristic for patients with GCA was self-sustained and persisted for at least 2 mo (12). The short-term effects of steroid treatment were characterized by a differential modulation of cytokines in the infiltrate which correlated with the induction of IB␣ and the reduced availability of free nuclear NFB. In addition to these pharmacological effects, the long-term treatment allowed conclusions on the biology of the infiltrate under immunosuppression. The continuous immunosuppressant action of NFB inhibition was sufficient to paralyze the T cell component of the disease, however, the inflammatory infiltrate of T cells and macrophages persisted, and macrophages continued to transcribe cytokine mRNA in the absence of T cell stimulation. A persistent activation of selected inflammatory cells in the lesions would explain the immediate relapse of disease activity after discontinuation of steroid therapy.
GCA is a typical example of a chronic inflammatory disease. Clinical manifestations of the disease are either related to tissue damage resulting from the obstruction of blood supply because of occlusion of inflamed arteries, or from systemic symptoms associated with an acute phase reaction. Previous studies have provided evidence that the constitutional symptoms are linked closely to the presence of elevated levels of circulating IL-6 (17). IL-6 is a potent inducer of acute-phase proteins, and could thus explain the principle laboratory abnormalities in patients diagnosed with GCA (18) . IL-6 is produced by circulating monocytes as well as by tissue-infiltrating macrophages (19) . GCA tissue-SCID mice chimera have elevated serum concentrations of human IL-6, documenting that even a small fragment of inflamed tissue has systemic effects (Brack, A., unpublished observations). Since the IL-6 gene is regulated by NFB and thus should be subject to a rapid immunosuppressive action of glucocorticoids, it can be predicted that steroids induce a prompt improvement. Besides IL-6, several other inflammatory cytokines have been implicated in the disease process. T cells accumulated in the arterial walls display a stringent pattern of cytokine production in that IL-2 and IFN-␥ are consistently found in the lesions. TH2 T cell type cytokines such as IL-4 or IL-5 are not detectable. IFN-␥ appears to play a central role in shaping the disease process. The in situ IFN-␥ transcription has been related to the development of full-blown vasculitis, as opposed to subclinical vascular inflammation in patients with polymyalgia rheumatica, a forme fruste of GCA (3) . Tissue concentrations of IFN-␥ are predictive of the formation of multinucleated giant cells, a cell population which has been assumed to have a role in the destruction of elastic tissue (20) . Patients with high production of IFN-␥ in the affected arteries are more likely to develop manifestations of cranial arteritis with blindness, jaw claudication, and central nervous system disease. Taken together, IFN-␥ seems to act as a cardinal amplificator of the disease.
The production of IFN-␥ was relatively insensitive to the immediate immunosuppressive effects of steroids, possibly due to the lack of an NFB binding site in the IFN-␥ gene. With high doses of steroids or prolonged treatment, suppression of IFN-␥ production was seen, which may reflect an attenuation of the T cell response in general rather than a direct effect of dexamethasone on IFN-␥ transcription. Inhibition of IFN-␥ should remove a central player of the disease, and it would be expected that the suppression of IFN-␥ is followed by the dis- Figure 7 . Persistent TGF-␤1 production in the absence of T cell activation in chronically treated GCA-mouse chimeras. Human tissue-SCID mouse chimeras were treated as described in Fig. 6 . In situ cytokine transcription in retrieved tissues was determined by semiquantitative PCR. Results from three experiments using five untreated and six treated mice are shown as box graphs displaying medians, 25th and 75th percentiles, and 10th and 90th percentiles, as whiskers.
appearance of activated macrophages. This progression was indeed the case for the production of IL-1␤, however, data presented here document that macrophage activation persists despite almost complete suppression of IFN-␥. Steroids selectively inhibited IL-1␤ and IL-6 while leaving TGF-␤1 transcription unaffected. Previous data have suggested that the effect of steroids on the expression of TGF-␤1 is not uniform, and that induction as well as suppression of TGF-␤ transcription, can be found dependent of the tissue studied (21, 22) . The persistence of TGF-␤1 production in steroid-treated GCA tissue may have more detrimental than beneficial effects. Depending on the microenvironment and the local tissue concentrations, TGF-␤ can be considered as an anti-as well as a proinflammatory cytokine (23) (24) (25) (26) (27) . TGF-␤ is mainly produced by adventitial macrophages. The close vicinity of TGF-␤ production to the vasa vasorum could provide ideal circumstances to exert chemotactic activity, and to recruit macrophages into the inflammatory process (28, 29) .
In contrast to adventitial macrophages, intimal macrophages synthesize iNOS, which catalyzes the synthesis of NO. iNOS production in the inflamed arteries is highly sensitive to steroid-mediated repression, again consistent with the expression of an NFB binding site. The biological consequences of the suppression of NO production are unclear. NO has been proven to have proinflammatory effects in chronic inflammatory diseases, as well as in experimental models of arthritis (30, 31) . NO, however, is also involved in inhibiting platelet adhesion and smooth muscle cell proliferation, and facilitates vasodilatation (32) . Considering that NO is preferentially produced in the intima, and that many clinical manifestations of the arteritis are related to blood vessel occlusion, iNOS induction could serve as a protective mechanism. The rapid suppression by steroids possibly represents an unwanted effect of the therapeutic intervention.
In summary, several conclusions can be drawn from the analysis of steroid-treated GCA-SCID chimeras. Consistent with the in vitro findings, administration of steroids downregulated nuclear NFB, and subsequently repressed genes under transcriptional control of NFB. While the suppression of inflammatory cytokines might have a beneficial outcome, the prompt reduction in iNOS might actually weaken protective mechanisms. More importantly, high doses of glucocorticoids were necessary to accomplish blockade of cytoplasmic NFB activation by IB␣ and the subsequent inhibition of cytokine synthesis. These doses were 4-40-fold higher than the doses generally recommended for the treatment of GCA, but are in the range of doses used for in vitro induction of IB␣ transcription (10) . Although it appears that minor variations in cytokine concentrations already have significant clinical consequences, administration of higher steroid doses in the early treatment of GCA might improve the immunosuppressant effect. Increased efficiency in blocking cytokines in the early stages of the disease may reduce steroid requirements in the long-term management, and thus reduce the high risk for GCA patients to develop steroid-induced side effects. Finally, the resistance of TGF-␤1 production to steroid treatment suggests that TGF-␤1ϩ macrophages appear to function in the absence of T cell stimulatory signals. It is possible that TGF-␤1 mRNA is merely an indicator for persistent macrophage activation, and other macrophage-derived products are also produced in the vascular lesions. In that case, suppressing TGF-␤1 activity ultimately might not be sufficient to induce disease remission. Tissue-residing macrophages, however, might provide a suitable target in attempts to complement steroid-mediated immunosuppression.
